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FLUID CIRCUIT COMPONENTS BASED 
UPON PASSIVE FLUID DYNAMICS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present application is related to US. provisional 
patent application Ser. No. 60/103,970, ?led Oct. 13, 1998, 
and to US. provisional application Ser. No. 60/138,092, 
?led Jun. 8, 1999, both of Which are incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

The movement of ?uids through channels on a micro 
scale has important implications in a number of technolo 
gies. For example, in the ?eld of molecular biology, poly 
merase chain reactions (PCR) have been performed in a chip 
containing microfabricated ?oW channels (US. Pat. Nos. 
5,498,392; 5,587,128; 5,726,026). In the electronics ?eld, 
thermal ink jet printers use printheads With microchannels 
through Which ink must How in a Well controlled manner 
(US. Pat. No. 5,119,116). Proper control of ?uids through 
microchannels has been a challenge, With microdimensions 
imparting dif?culties not encountered at larger scales. 

The publications and other materials used herein to illu 
minate the background of the invention or provide additional 
details respecting the practice, are incorporated by reference, 
and for convenience are respectively grouped in the 
appended List of References. 

Surface effects describe the character of a surface on a 
micro scale. Materials often have unbound electrons, 
eXposed polar molecules, or other molecular level features 
that generate a surface charge or reactivity characteristic. 
Due to scaling these surface effects or surface forces are 
substantially more pronounced in micro structures than they 
are in traditionally siZed devices. This is particularly true in 
micro scale ?uid handling systems Where the dynamics of 
?uid movement are governed by external pressures and by 
attractions betWeen liquids and the materials they are ?oW 
ing through. This fact can be utiliZed to fabricate unique 
structures that function due to these surface forces. 

This invention deals With the passive control of ?uids 
Within a micro?uidic circuit. The passive control is gener 
ated by using the natural forces that eXist on a micro scale, 
speci?cally capillarity, Which is caused by the attraction or 
repulsion of a ?uid toWard certain materials. The purpose is 
to stop ?uid ?oW along one path in a circuit until enough 
pressure is generated to push the ?uid past the stopping 
means, or until the stoppilng means itself is removed or 
made insigni?cant. The pressure that is generated because of 
the stopping means can be utiliZed to move ?uid through the 
circuit in some creative manner, or to hold ?uid at a speci?c 
location. 

Capillarity is usually represented by the equation h=2ogl 
cos(0C)/grp Which describes the height (or depth), h, of a 
?uid Within a capillary tube compared to the level of the 
?uid outside the capillary tube. 06, or the contact angle of the 
?uid With the capillary tube material, governs Whether the 
?uid in the tube is above or beloW the level of the ?uid 
outside the tube. If the contact angle of the capillary tube 
material, With respect to the ?uid, is less than 90°, the 
material is considered hydrophilic (Water liking). If the 
contact angle of the tube material, With respect to the ?uid, 
is greater than 90°, the material is considered hydrophobic 
(Water fearing). 08., represents the surface tension of the ?uid 
With respect to the ambient (usually air) (millijoules/m2), g 
is the gravitational constant (m/s2), r is the radius of the 
capillary tube (m), and p is the ?uid density (kg/m3). 
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2 
FIGS. 1A—C illustrate the concept of hydrophilicity and 

hydrophobicity. FIG. 1A illustrates 0C. ogs is the surface 
tension betWeen a gas and a solid, 05, is the surface tension 
betWeen a solid and a liquid, and ogl is the surface tension 
betWeen a gas and a liquid. ogs=osl+ogl cos(0C). 0C (angle in 
degrees) for Water on various materials at around 20° C. is 
shoWn in Table 1. FIG. 1B illustrates that hydrophilic tubing, 
such as glass, draWs Water into the tube. FIG. 1C is similar 
to FIG. 1B but illustrates that the use of hydrophobic tubing 
(such as Te?on®) pushes Water aWay from the tube. 

TABLE 1 

6 for Selected Materials 

Material 60 

Glass 0 
Acetal 60 
Polystyrene 84 
HDPE (high density polyethylene) 87.1 
PVDF (polyvinylidene fluoride) 94.8 
PT'FE (polytetra?uoroethylene) 104 
FEP (?uorinated ethylenepropylene) 111 

The term pgh, from the equation for capillarity, is some 
times referred to as the pressure head of a ?uid, P (Pa). 
Re-Writing the capillarity equation With respect to P gives 
P=2ogl cos(0C)/r. In order to effect a stopping means ogl, 06, 
r, or a combination of any of the three, needs to change from 
one side of the stopping means to the other. This Will 
generate a pressure barrier, Which causes the ?uid to stop 
until the pressure barrier is overcome or removed. For 
eXample, if the radius of a channel Were changed in order to 
effect a stopping means, the equation describing the pressure 
required to push past the stopping means Would be given by 
AP=2ogl cos(0C)(1/r1—1/r2), Where r1 is the radius of the 
channel before the stopping means and r2 is the radius of the 
channel after the stopping means. This equation is a sim 
pli?cation of the physical system that may be present. A true 
model Would take into consideration the actual channel 
geometries and other physical/chemical characteristics. 

FIG. 1D illustrates a change in channel radius. A channel 
of radius a changes abruptly to a channel of a smaller radius 
b. The channel of radius b again changes abruptly to the 
larger channel of radius a. If the material Were hydrophilic 
the stopping means Would be at the point Where the channel 
radius increases in siZe. In this instance r1 Would be given by 
b and r2 Would be given by a. This Would generate a positive 
value for AP, because the cosine of anges betWeen 0 and 90 
degrees (the contact angle of the material) is positive. A 
positive AP suggests a pressure barrier. If the material Were 
hydrophobic the stopping means Would be at the point Where 
the channel decreases in siZe. In this case r1 Would be given 
by a, and r2 by b. A negative cosine value, due to a contact 
angle greater than 90 degrees, Would be multiplied by a 
negative (1/r1—1/r2) term, resulting in a positive AP, or a 
pressure barrier. 

If the contact angle of the material Were to change, such 
as a hydrophilic channel having a hydrophobic region, this 
can also provide a stopping means. This situation Would be 
characteriZed by the equation AP=2og,[cos(0C1)—cos(0C2)]/r, 
Where 061 is the contact angle of the material before the 
stopping means (hydrophilic) and 062 is the contact angle of 
the material after the stopping means (hydrophobic). A 
negative cosine of 062 Would result in a positive AP, signi 
fying a pressure barrier. 
A change in surface tension of a ?uid ?oWing through a 

micro?uidic circuit, such as by lining the channel Walls With 
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absorbable salts or surfactants, could also generate a stop 
ping means. The equation describing such a pressure barrier 
Would be given by AP=2 cos(6C)(6C)(og,1—Og,2)/r, Where 0841 
is the surface tension of a ?uid before the stopping means 
and 0g,2 is the surface tension of the ?uid after the stopping 
means. In a hydrophobic material the surface tension Would 
need to increase across the stopping means in order to create 
a pressure barrier. 

This invention deals With the passive control of ?uids 
through micro?uidic channels using the stopping means 
described in the previous paragraphs. More speci?cally, the 
stopping means derived by reducing the radius, or cross 
sectional ?oW area, of a ?oW channel containing aqueous 
based, or polar, ?uids in a hydrophobic material, or a 
material coated With a hydrophobic ?lm. Also encompassed 
is the control of nonpolar ?uids Within a hydrophilic mate 
rial or a material that has been coated With a hydrophilic 
?lm. A short channel narroWing, or restriction, With these 
characteristics can act as a passive valve. 

A variety of combinations of channel material and ?uid 
combinations can be used to achieve the desired effect of 
controlling ?uid ?oW via the use of restrictions or narroW 
ings Within microchannels to act as valves. The folloWing 
are some examples of such useful combinations: 
(A) PTFE (Te?on® or polytetra?uoroethylene), FEP 
(?uorinated ethylenepropylene), PFA (per?uoralkoXy 
alkane) or PVDF (polyvinylidene ?uoride) as the channel 
material and polar solutions such as Water, saline or buffer 
solutions not possessing a signi?cant percentage of 
surfactants, this percentage being knoWn or easily deter 
mined by one of skill in the art. 
(B) Metals, glass, PMMA (polymethylmethacrylate), 
polycarbonate, Nylon 6/12 or PVC (polyvinylchloride) as 
the channel material and non-polar solutions such as hexane, 
heptane, toluene or benZene. 
(C) PTFE, FEP, PFA of PVDF as the channel material With 
a hydrophilic coating such as ElastophilicTM and non-polar 
solutions such as those mentioned in 
(D) Metals, glass, PMMA, polycarbonate, Nylon 6/12 or 
PVC as the channel material With a hydrophobic coating 
such as Te?on® AF and polar solutions such as those 
mentioned in 

Valving relies upon the fact that the developing ?oW of a 
?uid stream requires eXtra pressure, or Work, or energy, to go 
through a stopping means, and that it Would, therefore, 
preferentially take a path of lesser resistance or stop alto 
gether until enough pressure is built up that forces the ?uid 
through the stopping means. Developing ?oW is de?ned as 
an advancing stream of ?uid that possesses a moving 
interface of solution and air or some other gas. The point of 
interface is de?ned as the meniscus. Another characteristic 
of developing ?oW is that the surfaces of the ?oW chamber 
in front of, or doWnstream of, the advancing meniscus are 
not signi?cantly Wetted With the ?uid that is ?oWing. Estab 
lished ?oW, on the other hand, is Where there is no moving 
meniscus and Where all surfaces of the ?oW channels are 
signi?cantly Wetted. 

The scope of this invention is the use of various stopping 
means that are designed to control the ?oW of ?uid in a 
netWork of ?uid channels. More speci?cally this invention 
details the use of short restrictions, or ?uid channel 
narroWings, designed to control the ?oW of ?uid in a 
netWork of hydrophobic ?uid channels. The narroWness of 
the restriction, and its length, depend on the type and eXtent 
of ?uid control that is required. Generally, hoWever, only a 
short restriction is desirable so that the restriction itself does 
not signi?cantly affect established ?oW in the channel once 
it becomes established. 
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SUMMARY OF THE INVENTION 

The present invention discloses means of controlling the 
?oW of ?uids through microchannels in a manner to alloW 
miXing or diluting of the ?uids and/or separation of the ?uids 
or a ?uid into several channels for multiprocessing. It also 
discloses various means for consolidating or combining 
several samples or channels into a feWer number of samples 
or channels, and the use of air escape channels and stopping 
means to facilitate complicated ?uid processing. The ?oW of 
?uid through the microchannels is primarily controlled by 
restrictions or narroWings purposely placed into the 
channels, e.g., by micromachining. These restrictions or 
narroWings act as valves. Unlike valves Which require 
moving parts, the restrictions or narroWings can be static and 
their function does not depend upon their motion. FloW of 
?uid through the microchannels can also be controlled by 
changing the contact angle or the surface tension, e.g., by 
including ?lms of salts or surfactants or by a hydrophobic 
patch in an otherWise hydrophilic channel. 

BRIEF DESCRIPTION OF THE FIGURES 

FIGS. 1A—D illustrate the concept of hydrophilicity and 
hydrophobicity. FIG. 1A shoWs the relation between 0 
(surface tension) and 6C (the contact angle betWeen the 
meniscus of ?uid and the Wall of a channel). FIG. 1B 
illustrates the meniscus formed When hydrophilic tubing 
draWs Water into it. FIG. 1C illustrates the meniscus formed 
When a hydrophobic tubing pushes Water aWay from the 
tubing. FIG. 1D illustrates a channel narroWing for passively 
controlling ?uids in either hydrophobic or hydrophilic mate 
rials. 

FIGS. 2A—] illustrate a method of mixing tWo ?uids 
together using a branching system of microchannels that join 
together. The channels include stopping means at points ‘a’ 
and ‘b’ to control the ?oW of ?uid. Both ?uids enter serially 
through a single common channel and are miXed subsequent 
to point ‘b’. FIGS. 2E—J illustrate the structure of the 
stopping means and the position of ?uid at the stopping 
means Whether the stopping means is a hydrophobic 
restriction, hydrophilic restriction, a hydrophobic patch or a 
salt patch. 

FIGS. 3A—G illustrate a method of splitting a ?uid into a 
series of daughter channels. The ?lling of all sister Wells or 
chambers prior to ?uid ?oWing beyond the Wells or cham 
bers is controlled by stopping means at the far end of each 
Well or chamber. FIGS. 3E—G illustrate different con?gura 
tion of the stopping means, depending on Which type is 
being employed. 

FIGS. 4A—G illustrate the presence of air or a gas Which 
can be trapped in a series of hydrophobic microchannels and 
the use of a vent to alloW the air or gas to escape While 
preventing ?uid through the vent. FIGS. 4E—G illustrate 
alternative stopping means that alloW air to escape if the 
?uid channels are not hydrophobic. 

FIGS. 5A—D illustrate a tWo-?uid, narroW-channel 
method of consolidating ?uid from multiple chambers into 
one chamber. 

FIG. 6 illustrates a tWo-?uid, narroW-channel method of 
consolidating ?uid from multiple chambers into one cham 
ber Wherein multiple narroW connecting channels connect 
the stopping means of each of the multiple chambers to the 
consolidation chamber. 

FIGS. 7A—D illustrate the concept of using air escape 
vents in conjunction With each of tWo channels Wherein each 
of the channels comprises a stopping means. 
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FIGS. 8A—C illustrate the use of ports to allow the 
introduction of air, another gas, or a second ?uid to be 
introduced to force ?uids past a stopping means. 

FIGS. 9A—D illustrate a physical displacement method in 
Which pressure is applied to a ?exible region of a circuit 
thereby forcing the ?uid in the circuit to be moved. 

FIGS. 10A—C illustrate three versions of a consolidation 
circuit. 

FIGS. 11A—E illustrate the combination of stopping 
means and air escape vents to alloW ?uid to bypass a 
particular ?uid circuit section. The bypassed region can be 
later perfused by a doWnstream stopping means generating 
enough backpressure to overcome the original stopping 
means that prevented ?oW into the non-perfused region. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention is a method of using passive stopping 
means in microchannels to control the ?oW of ?uids through 
the microchannels. A microchannel is de?ned herein to be a 
channel having a diameter of from 0.1 to 1000 microns. 
Advantage is taken of the surface effects betWeen a ?uid and 
the Walls of the container holding the ?uid. These surface 
effects come into play at the micro scale. The stopping 
means are designed to impede the ?oW of ?uids under 
certain conditions thereby alloWing control of the ?uid. 
These stopping means act as passive valves because they 
regulate ?uid ?oW but do not move. 

An example of the effect of surface forces is capillarity. 
Capillarity, or capillary action, is demonstrated When Water 
is draWn up into an open glass capillary tube Without any 
outside pressure being applied. This is caused by the surface 
tension forces betWeen the Water and the glass surface, 
Which pulls Water into the capillary tube. The narroWer the 
capillary tube the greater the effect of the force that pulls the 
Water into the tube. One physical parameter that character 
iZes the magnitude of the capillary force is the contact angle 
betWeen the Water and the glass. For contact angles less than 
90°, the material, e.g., glass, is considered to be hydrophilic 
and Water is draWn up into the tube. When the material has 
a contact angle greater than 90° it is considered to be 
hydrophobic. In the hydrophobic case extra pressure is 
required to push Water into an open tube. The narroWer the 
tube the greater the force that is required. ?oWever, in both 
cases, once Water has been introduced into the tube the ?oW 
rates of the Water are dependent more on pressure gradients 
and friction and less on Whether the material is hydrophobic 
or hydrophilic. 

Astopping means is generated by altering the character of 
a microchannel in such a Way as to generate a pressure 
barrier. A pressure barrier is made by creating an abrupt 
change in the capillary force a ?uid experiences While 
?oWing through a microchannel. An abrupt change in cap 
illary force can be made by changing the diameter of the 
microchannel the ?uid is ?oWing through, by changing the 
contact angle of the microchannel material, by changing the 
surface tension of the ?oWing ?uid, or by a combination of 
these methods. 

In a hydrophobic material a pressure barrier can be 
generated by decreasing the diameter of the ?oW channel. 
This restriction (a narroWing) should be suf?cient to cause 
?uid to ?oW in alternate channels having a diameter greater 
than the restriction means. A narroWing of a channel can be 
effected by different means. For example, a channel of 
otherWise constant diameter can have a bump or ridge at one 
or more points that cause a narroWing just at those points. 
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6 
Another alternative is a channel of one diameter narroWing 
suddenly to a channel of a smaller diameter, i.e., a Wide 
channel narroWing to a less Wide channel. The magnitude of 
the pressure barrier that is generated is proportional to the 
narroWness of the restriction compared to the narroWness of 
the channel prior to the restriction. A short restriction Will 
have minimal effect on ?uid ?oW once ?oW is established 
through the restriction. It is preferred that the restriction be 
1—1000 pm long, more preferably 5—500 pm long, and most 
preferably 10—300 pm long. 

In a hydrophilic material a pressure barrier can be gen 
erated by a channel restriction, similar to the method 
described for a hydrophobic material. HoWever, in this case 
the ?uid Will not Want to exit a restriction, due to the 
capillary forces that are holding it there. The magnitude of 
the pressure barrier that is generated is proportional to the 
narroWness of the restriction compared to the narroWness of 
the channel after the restriction. A short restriction Will have 
minimal effect on ?uid ?oW once ?oW is established through 
the restriction. 

Also, in a hydrophilic material, a pressure barrier can be 
generated by changing the contact angle of the ?oW channel. 
Microfabrication techniques, for example alloW for the 
precise application of thin ?lms of various materials that 
have a Wide range of contact angles. The magnitude of the 
pressure barrier that is generated is proportional to the 
difference in the cosines of the contact angles of the mate 
rials comprising the stopping means. 
A stopping means can also be generated by changing the 

surface tension of the ?uid Within the microchannel. This, 
also, could be realiZed by utiliZing microfabrication tech 
niques to deposit thin ?lms of various salts or surfactants 
that are absorbed into the ?uid. The magnitude of the 
pressure barrier that is generated is proportional to the 
difference in the surface tensions of the ?uid on each side of 
the stopping means. 

It is advantageous to use passive ?uid dynamics to control 
the ?oW of ?uid in micro channels or sets of micro channels. 
For example, if tWo daughter channels branch off of a main 
channel, a stopping means in one of the channels may 
encourage the ?uid to ?oW in the channel With no stopping 
means. HoWever, once the ?uid has pushed past the stopping 
means, the stopping means, if designed properly, should 
have negligible effect on the established ?oW Within the 
channels. In this case the stopping means acts as a passive 
valve. 

The use of micro channels can be incorporated into a 
variety of techniques, e.g., splitting a sample into multiple 
chambers or samples or combining or mixing multiple 
samples together. Many variations of micro channel con 
?gurations can be designed for a particular need. The 
folloWing examples illustrate some of the designs that arc 
quite useful. 

EXAMPLE 1 

Use of Passive Valves in Micro Channels to Mix 
Samples 

FIGS. 2A—] illustrate the use of stopping means in micro 
channels to regulate the ?oW of ?uid through the channels. 
In FIG. 2A, ?uid in the main channel encounters stopping 
means ‘a’, causing the ?oW to be diverted into channel 2. In 
FIG. 2B, the ?uid in channel 2 encounters stopping means 
‘b’ Which has a greater pressure barrier than stopping means 
‘a’. As a result, the ?uid ?oW is stopped by stopping means 
‘b’ and the ?uid is forced past stopping means ‘a’ into 
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channel 1. FIG. 2C illustrates the ?uid in channel 1 at the 
timepoint at Which it reaches stopping means ‘b’. This 
causes the Wetting of all surfaces on all sides of stopping 
means ‘b’. The meniscus Which had been present at stopping 
means ‘b’ disappears thereby alloWing ?uid to freely pass 
stopping means ‘b’. In FIG. 2D, ?oW proceeds in both 
channels 1 and 2 Without obstruction. This example shoWn 
in FIGS. 2A—] shoWs a method by Which tWo ?uids can be 
mixed after insertion into a set of microchannels via a single 
microchannel. The example shoWs a ?rst ?uid inserted ?rst 
into a main channel. A precisely measured amount of this 
?rst ?uid can be inserted into the main channel. FolloWing 
insertion of the ?rst ?uid, a second ?uid is inserted into the 
main channel behind the ?rst ?uid. This second ?uid forces 
the ?rst ?uid along the main channel until stopping means 
‘a’ is reached. The ?rst ?uid is forced by this stopping means 
into channel 2. Once channel 2 is ?lled and the ?rst ?uid 
reaches stopping means ‘b’, ?oW through channel 2 is 
stopped because stopping means ‘b’ has a greater pressure 
barrier than stopping means ‘a’. The force of the ?uid in the 
main channel then forces the second ?uid (all of the ?rst 
?uid in this example having entered channel 2) past stopping 
means ‘a’. When the second ?uid reaches the point of 
stopping means ‘b’ the pressure barrier of stopping means 
‘b’ is overcome due to the Wetting of both sides of stopping 
means ‘b’ and the removal of the meniscus Which had 
originally formed at this point. At this point ?uid Will ?oW 
through channels 1 and 2 according to their respective 
impedances, and the ?rst ?uid that Was in channel 2 Will mix 
With the second ?uid Which Was in channel 1, this mixing, 
occurring in channel 1 subsequent to stopping means ‘b’. 

FIG. 2E illustrates the geometry and position of the 
stopped ?uid if stopping means “a” Were that of a hydro 
phobic restriction. FIG. 2F illustrates the geometry and 
position of the stopped ?uid if stopping means “b” Were that 
of a hydrophobic restriction. FIG. 2G illustrates the geom 
etry and position of the stopped ?uid if stopping means “a” 
Were that of a hydrophilic restriction. FIG. 2H illustrates the 
geometry and position of the stopped ?uid if stopping means 
“b” Were that of a hydrophilic restriction. FIG. 21 illustrates 
the geometry and position of the stopped ?uid if stopping 
means “a” Were that of a hydrophobic patch or a ?lm of salt. 
FIG. 2] illustrates the geometry and position of the stopped 
?uid if stopping means “b” Were that of a hydrophobic patch 
of greater contact angle than that of “a”, or a ?lm of salt that 
generates a greater surface tension in the ?uid than that of 
a 

The example of mixing ?uids as illustrated by FIGS. 2A—] 
is a very simple model. More complex models in Which 
more channels are involved could be utiliZed to mix more 
than tWo ?uids together or to mix tWo ?uids at one timepoint 
and other ?uids at later timepoints, eg by having further 
branches similar to channel 2 farther doWnstream. The ?uids 
Which are inserted into the main channel can be inserted by 
several means. The main channel can encompass a single 
port into Which all ?uids are inserted or it can encompass 
multiple ports through Which ?uids can be inserted. The 
volume of ?uids inserted can be matched With the volumes 
of channels to yield precise ?lling of channels and proper 
mixing of the ?uids. 

EXAMPLE 2 

Filling of Multiple Channels or Chambers With a 
Single Fluid 

Another example of utiliZing passive valves is in a 
netWork of parallel daughter channels that ?oW through a set 
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of parallel Wells or chambers. The goal in this case is for a 
?uid or sample to be evenly distributed across all channels, 
and for all of the Wells or chambers to ?ll simultaneously, 
and for the ?uid in the Wells or chambers to stop in the Wells 
or chambers and not to continue ?oWing into the Well or 
chamber outlet channel until desired. Once it is desired for 
the ?uid to continue ?oWing, it is desired that the ?uid ?oW 
equally further doWn the ?uid circuit, and equally into 
another set of chambers or Wells, if present. This is per 
formed automatically due to passive ?uid dynamics. As ?uid 
in the main channel ?oWs toWard the parallel daughter 
channels and Wells or chambers, imperfections in the chan 
nel Walls may encourage increased ?oW in one channel over 
another. The channel With increased ?oW Will reach the Well 
or chamber and ?ll up before its sister Wells or chambers are 
?lled. HoWever, stopping means located at strategic points in 
the branching daughter channels Will alloW ?uid to ?ll the 
branching channels and catch up and stop at each generation 
of stopping means before proceeding further doWn the ?uid 
circuit. Each generation of stopping means Will need to have 
a greater pressure barrier than the previous generation, in 
order to ensure the ?uid does not pass one stopping means 
in one branch Without ?rst catching up to that generation of 
stopping means in all branches. In order to ensure each Well 
or chamber is equally ?lled the Wells or chambers are 
designed With stopping means at their outlets. Because it 
requires greater pressure for the ?uid in the ?lled Well or 
chamber to go through the stopping means, the increased 
pressure that is generated Will push the ?uid in the remaining 
channels to cause them to overcome any small Wall imper 
fection and catch up to the ?uid that is already in the Well or 
chamber. Hence, the stopping means acts as a passive valve 
and alloWs for an even division of ?uid from a single 
channel into several daughter channels. It also alloWs for a 
speci?c sample in a main channel to be evenly distributed 
across a netWork of channels. The relative structures of the 
stopping means Will depend on the materials, the ?uid, and 
the pressure that is required to push the ?uid past any 
imperfections and into all the channels, Wells or chambers. 

FIGS. 3A—G illustrate the effect of imperfections in 
microchannels and the use of stopping means to overcome 
problems that could have been caused by the imperfections. 
It also illustrates hoW a sample in a main channel can be 
evenly distributed across multiple daughter channels. In 
FIG. 3A ?uid in one branch encounters less friction and 
travels further than ?uid in another branch, but is stopped at 
the ?rst generation of stopping means. FIG. 3B illustrates 
the distribution of ?uid and sample as the ?uid in one set of 
branches reach the second generation of stopping means. 
FIG. 3C shoWs that the stopping means at the outlet of the 
Wells or chambers alloW all chambers to be ?lled, as the back 
pressure generated by these stopping means causes the ?uid 
in all the branches to push past any previous stopping means 
and ?ll the chambers equally. FIG. 3D shoWs that once all 
Wells or chambers are ?lled, and the desired processing in 
the Wells or chambers is completed, ?uid can be pushed out 
of Wells or chambers, through the outlet channels, and 
further doWn the ?uid circuit until the next generation of 
stopping means are encountered. In FIGS. 3A—D the dark 
?uid is a sample and the lighter ?uid is the system ?uid. 
Ticks at the bottom of each ?gure represents the positions of 
the various generations of stopping means. FIG. 3E illus 
trates the geometry and position of the stopped ?uid if the 
stopping means Were that of a hydrophobic restriction. FIG. 
3F illustrates the geometry and position of the stopped ?uid 
if the stopping means Were that of a hydrophilic restriction. 
FIG. 3G illustrates the geometry and position of the stopped 
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?uid if the stopping means Were that of a hydrophobic patch 
or a ?lm of salt. 

It is also clear to one of skill in the art that the apparatus 
shoWn in FIGS. 3A—G need not be limited to 8 Wells or 
chambers, rather many more Wells or chambers could be 
present. Furthermore, there is no need for the Wells or 
chambers to all be of the same siZe. This makes the division 
of a single sample injected at point ‘a’ into many separate 
Wells or chambers a very simple matter. Many reaction Wells 
or chambers can be ?lled Without the need for pipetting 
individually into each Well or chamber. Rather the sample is 
simply inserted into the apparatus at point ‘a’ and the 
microchannels and physical forces involved result in the 
?lling of all Wells or chambers. 

EXAMPLE 3 

Use of an Air Duct in a Micro?uidic Circuit 

Another application of a stopping means is that of an air 
escape duct. In a hydrophobic material utiliZing a narroW 
channel as a stopping means it takes a considerable amount 
of pressure to force ?uid into an extremely small channel or 
duct (on the order of a feW microns in diameter). Because of 
this Water Will easily ?oW by such a duct and continue doWn 
the channel it is in and not enter the duct. Air, on the other 
hand, Will have no dif?culty moving through the duct if its 
path in the ?uid is restricted. This fact alloWs a method of 
releasing air bubbles that might be trapped Within a ?uid 
channel. A similar air escape duct can be fabricated in 
hydrophilic materials using a restriction and then a Widening 
of the channel, or by utiliZing a hydrophobic or salt patch. 

FIG. 4A shoWs ?uid traveling doWn tWo channels that join 
together. FIG. 4B shoWs the ?uid in the loWer channel 
reaching the intersection before the ?uid in the upper 
channel. In such an event an air bubble Will trap the ?uid in 
the upper channel and prevent the ?uid in that channel from 
traveling further. FIG. 4C illustrates hoW this can be over 
come by the addition of an air escape duct. In this case, ?uid 
in the upper channel can continue to ?oW as the air bubble 
travels out of the channel into the air duct. In this illustration 
the air duct is represented by a long narroW channel, as 
might be indicative of a stopping means in a hydrophobic 
material. FIG. 4D illustrates ?uid in both channels combin 
ing into the single channel and continuing to travel doWn the 
?uid circuit. FIG. 4E illustrates the geometry and position of 
the stopped ?uid if the stopping means Were that of a 
hydrophobic restriction, rather than a hydrophobic long 
narroW channel. FIG. 4F illustrates the geometry and posi 
tion of the stopped ?uid if the stopping means Were that of 
a hydrophilic restriction. FIG. 4G illustrates the geometry 
and position of the stopped ?uid if the stopping means Were 
that of a hydrophobic patch or a ?lm of salt. 

Another application of an air escape duct is to alloW air to 
escape a ?uidic circuit as ?uid ?lls the circuit. This is usually 
done by having air escape ducts at the endpoint in a ?uid 
circuit, Which Would alloW air to escape the enclosed sys 
tem. This utiliZation of air escape ducts are depicted in 
FIGS. 5A—D, FIG. 6, FIGS. 8A—C, and FIGS. 10A—C Which 
are described in greater detail in the folloWing Examples. 

EXAMPLE 4 

Consolidation of Fluids 

Consolidation is the case Where the contents of tWo or 
more channels or Wells are to be combined into a feWer 

number of channels or Wells. An eXample Would be When 4 
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separate nucleic acid sequencing reactions are performed 
and then it is desired to combine the 4 reactions into a single 
Well to be run on a gel or other analytical device. Four 
someWhat different consolidation methods are set out in this 
eXample. 
A) TWo Fluid NarroW Channel Method 

This method uses tWo ?uids With a more viscous ?uid 
being used to force a less viscous ?uid through microchan 
nels into a chamber or Well to combine the less viscous ?uid 
from multiple chambers or Wells into a feWer number of 
chambers or Wells. This method is illustrated by FIGS. 
5A—D. 
The channel or Wells to be joined are ?lled With a ?uid. 

The outlet of the Wells or channels contain stopping means 
used to contain the ?uid at that point in the ?uid circuit. At 
some point upstream there is a second ?uid that is more 
viscous than the ?rst. There are narroW channels that con 
nect the stopping means of the channels or Wells to the point 
of joining. The ?rst ?uid is stopped at the stopping means 
(FIG. 5A). As the second viscous ?uid advances doWn a 
channel it Will force the ?rst ?uid through the stopping 
means into the narroW channel and into the point of joining 
or consolidation chamber (FIG. 5B). When the second ?uid 
reaches the stopping means it does not stop because the ?uid 
meniscus is gone. HoWever, the pressure required to force 
the more viscous solution through the narroW channel is 
instead used to push the ?rst ?uid in a neighboring channel 
into the point of joining (FIG. 5C). This process is repeated 
until all Wells or channels are emptied of the ?rst ?uid and 
the pumping is stopped (FIG. 5D). FIGS. 3E—G illustrate the 
possible geometries and positions of the stopped ?uid if the 
stopping means at the outlet of the channels or Wells Were 
that of a hydrophobic restriction, a hydrophilic restriction, or 
a hydrophobic patch or salt ?lm, respectively. If the material 
Were hydrophobic, only a long narroW channel Would be 
needed, rather than both a restriction and then a long narroW 
channel. The utiliZation of air escape ducts at the consoli 
dation chamber Would be similar to those depicted in 
EXample 3 and FIGS. 4E—G. 

Since the narroW connecting channels are very small there 
is a high chance of them becoming occluded by small 
particles. To reduce this risk redundant channels may be 
made. This is illustrated by FIG. 6. This Will help ensure the 
likelihood of an open channel being present to alloW proper 
consolidation. 
B) Joining Channel With Restriction and Air Escape Vent 
Method 
The concept of having an air escape vent present to alloW 

the release of What normally Would be a trapped bubble is 
discussed above in EXample 3. A variation is shoWn here in 
a method of consolidation Wherein stopping means are 
present (see FIGS. 7A—D). FIG. 7A shoWs tWo ?uids each 
entering a channel. Each channel has a stopping means at the 
point Where the tWo channels on the left join to become a 
single channel. This alloWs the ?uid in both channels to 
catch up to themselves at the point Where the channels join 
(FIG. 7C). The presence of an air vent in each of the tWo 
initial channels ensures that neither channel Will have an air 
lock and both Will advance to the joining region. Once one 
?uid breaks through its stopping means it Will Wet the other 
surface of the stopping means in the neighboring channel, 
eliminating its meniscus. This Will alloW both ?uids to ?oW 
into the joining channel and miX together (FIG. 7D). Struc 
ture and position of ?uid in the stopping means and air 
escape ducts have been shoWn in FIGS. 2E—] and 4E—G. 
C) Air Displacement Method 
Another method of consolidation requires the use of ports 

coming from a third dimension, e.g., from above or beloW. 
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The ports possess stopping means at their connection point 
to the ?uid channel so that, under normal operating 
pressures, ?uid Will not ?oW into them. Fluid ?oWs into 
Wells or channels and is stopped at a knoWn location due to 
the use of stopping means (FIG. 8A, stopping means exist at 
the right of each of the 4 initial Wells betWeen each Well and 
the exiting microchannel). Air or another gas is pushed 
through the ports (appearing as holes to the left of the 4 
initial Wells in FIGS. 8A—C) into the ?uid channels. The air 
Will displace the ?uid doWnstream past the stopping means 
(FIG. 8B), and in this case, into the consolidation Well (FIG. 
8C). Air escape ducts in the consolidation Well alloW dis 
placed air to exit the system so ?uid can ?ll the consolidation 
Well. A second ?uid, rather than air, could also be pushed 
through the ports and used to displace the Well volumes into 
the consolidation chamber. 
D) Physical Displacement Method 

This method also requires the use of a third dimension. In 
this case a portion, preferably the top or bottom, of the ?uid 
circuit is made to be ?exible at the point Where physical 
displacement is to occur. The top or bottom plate has an 
opening that can alloW a displacement means to compress 
the ?exible ?uid circuit to push ?uid further doWnstream. 
This displacement means can be a ?uid such as Water, a gas 
such as air, or a plunger of some kind. This is illustrated in 
FIGS. 9A—D. FIG. 9A shoWs an empty circuit. FIG. 9B 
shoWs the circuit partially ?lled With ?uid. The bottom of the 
Wells is made of a ?exible material. In this example, a 
displacement means (Water) is introduced beloW the last 
Well ?lled With ?uid. The Water compresses the bottom of 
the Well (FIG. 9C) forcing the ?uid from the Well into the 
neighboring empty Well (FIG. 9D). The displacement means 
can be introduced elseWhere and need not be directly at the 
last ?lled Well. 

EXAMPLE 

Modi?ed TWo Fluid NarroW Channel Methods of 
Consolidation 

The method described above in Example 4, Section A, 
and illustrated in FIGS. 5A—D has been modi?ed to yield 
improved results. TWo modi?cations are illustrated in FIGS. 
10B—C With FIG. 10A shoWing the original design for 
comparison. The design shoWn in FIG. 10B incorporates 
stopping means just upstream of each of the four Wells. 
These stopping means facilitate an even distribution of a 
sample into each of the channel branches leading to the four 
Wells. Although not illustrated in FIG. 5A or 10A, the 4 
channels leading to the Wells could have branched off from 
a single source or alternatively could have come from 4 
different sources. 

In practice the design of FIG. 10B does not Work very 
Well. This is because hydrophobic or hydrophilic restrictions 
act as jet noZZles pushing the second, more viscous ?uid into 
the ?rst ?uid and causing unWanted mixing. This results in 
consolidation that is less than optimum and a fair amount of 
the second solution is found in the large consolidation Well 
at the right in FIG. 10B. Although this is useful as a mixing 
method, it is not the desired result in this case. 

FIG. 10C illustrates a modi?cation of the consolidation 
design that eliminates the unWanted mixing seen With the 
design shoWn in FIG. 10B. The entrance channel is put on 
the side of the Well and the Well is shaped someWhat in the 
form of a boWling pin Where one bulb or section is signi? 
cantly larger than the other section and the channel joining 
the tWo is not necessarily narroW and sharp. This alloWs the 
velocity of the second ?uid to sloW doWn and stabiliZe in the 

10 

15 

25 

35 

45 

55 

65 

12 
small ?rst section before it interacts With the bulk of the ?rst 
?uid in the large second section. If the transition betWeen the 
?rst and second sections is smooth and gradual the second 
?uid (if properly chosen) Will remain intact With itself and 
there Will be a clear division betWeen the ?rst and second 
?uids as the second ?uid ?lls the Well and forces the ?rst 
?uid through the narroW channel into the consolidation Well. 

EXAMPLE 6 

Temporarily Bypassing a Fluid Circuit Section 

Example 1 illustrated the use of stopping means to divert 
?uid from one path to a branching path of a micro?uidic 
circuit. Example 3 illustrated the use of air escape ducts to 
alloW What Would normally be trapped air to escape a 
channel and alloW ?uid to ?oW through the channel and 
eventually combine With the ?uid in a joining channel. 
UtiliZing these techniques a ?uid circuit section can be 
temporarily bypassed using stopping means that divert ?uid 
into a different path. A doWnstream stopping means can be 
used to overcome the pressure barrier at the original stop 
ping means, and then an air escape duct can be used to alloW 
?uid to ?oW through the bypassed region and rejoin the ?uid 
circuit from Which it had been cut off. 

FIGS. 11A—E illustrate this technique. In FIG. 11A ?uid 
?oWs doWn a main channel and encounters a stopping means 
“a” that diverts the ?oW into a side channel. When the side 
channel rejoins the main channel it is prevented from 
entering the bypassed region of the main channel because of 
a second stopping means “b” that diverts the ?uid to ?oW 
further doWn the main channel. At some point doWnstream 
another stopping means With a greater pressure barrier than 
the original stopping means “a” causes ?uid to push past 
stopping means “a”. An air escape duct located at the 
upstream side of stopping, means “b” alloWs ?uid to ?oW 
through the main channel. When it reaches stopping means 
“b” the meniscus disappears and the pressure barrier at 
stopping means “b” is eliminated. Fluid can then ?oW 
through both the main channel and side channel according to 
their respective impedances. It is important that the pressure 
barrier at stopping means “b” is greater than the pressure 
barrier at stopping means “a” to ensure ?uid does not push 
past stopping means “b” before it pushes past stopping, 
means “a”. FIG. 11B illustrates a similar situation, except 
Where ?uid in a main channel is prevented from entering a 
side channel due to stopping means at “a” and “b”. FIG. 11C 
illustrates a chamber or Well in the ?uid circuit that may be 
bypassed initially, or perfused initially, depending on the 
location of the stopping means and air escape ducts. FIG. 
11D illustrates a chamber that is located at the point of 
joining of tWo channels, Where one inlet to the chamber is 
a bypassed branch from the main channel. FIG. 11E illus 
trates a main channel that includes a chamber, and a series 
of secondary channels that contain chambers and that are 
bypassed, all of Which contain stopping means to prevent 
their perfusion, and air escape ducts that alloW their ultimate 
perfusion. The stopping means at the upstream positions of 
the secondary channels are designed such that their pressure 
barriers can be overcome in the sequence that is desired, in 
this illustration from the top to the bottom, for the ?uid 
circuit to function properly. The air escape ducts can either 
sequentially lead to the secondary channels that are not yet 
perfused, or can lead to the outside via ducts traveling in a 
third dimension. 
The above examples demonstrate methods of diluting or 

mixing tWo ?uids traveling beside one another in a single 
channel, methods of alloWing branching channels to divide 
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?owing ?uid, methods of allowing air to escape out of a ?uid 
circuit, methods of consolidating channels or samples, and 
methods of temporarily bypassing a ?uid path, all using 
passive ?uid dynamics based on pressure barriers created by 
manipulating ?uid capillary forces. 

While the invention has been disclosed in this patent 
application by reference to the details of preferred embodi 
ments of the invention, it is to be understood that the 
disclosure is intended in an illustrative rather than in a 
limiting sense, as it is contemplated that modi?cations Will 
readily occur to those skilled in the art, Within the spirit of 
the invention and the scope of the appended claims. 
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What is claimed is: 
1. A non-Wetted ?uid circuit comprising a ?rst micro 

channel and a second microchannel Wherein said second 
microchannel branches from said ?rst microchannel at a ?rst 
intersection and rejoins said ?rst microchannel at a second 
intersection, Wherein said second microchannel comprises a 
?rst passive stopping means at said ?rst intersection and a 
second passive stopping means at said second intersection 
Wherein said second passive stopping means creates a 
greater pressure barrier than said ?rst passive stopping 
means, said ?uid circuit further comprising a vent betWeen 
said ?rst passive stopping means and said second passive 
stopping means. 

2. The ?uid circuit of claim 1 Wherein said ?rst micro 
channel comprises a chamber or Well betWeen said ?rst 
intersection and said second intersection. 

3. The ?uid circuit of claim 1 Wherein said ?rst micro 
channel comprises a chamber or Well at said second inter 
section. 

4. A method of temporarily bypassing a microchannel 
Within a ?uid circuit by applying a ?rst ?uid to the ?uid 
circuit of claim 1 until said ?rst ?uid reaches a third passive 
stopping means Wherein said third passive stopping means 
creates a pressure barrier that is stronger than said second 
passive stopping means Whereupon application of additional 
?rst ?uid, a second ?uid or a force causes said ?rst ?uid or 
said second ?uid to enter said microchannel. 

5. A method of moving a ?uid through the ?uid circuit of 
claim 1 by forcing a gas through said one or more ports, said 
gas thereby forcing ?uid to move through said ?uid circuit. 

6. A method of miXing a ?rst ?uid and a second ?uid 
Within a non-Wetted ?uid circuit, said method comprising 
the steps of 

. Pat. 

. Pat. 

. Pat. 

. Pat. 

No. 
No. 
No. 
No. 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

14 
a) inserting said ?rst ?uid into a main microchannel of 

said ?uid circuit, Wherein said ?rst ?uid is forced to 
?oW into a ?rst microchannel of a knoWn volume of 
said circuit as a result of a ?rst passive stopping means 
Within said main microchannel and Wherein said ?rst 
microchannel comprises a second passive stopping 
means that creates a pressure barrier stronger than said 
?rst passive stopping means, Wherein said ?rst ?uid is 
of an amount substantially equal to the volume of said 
?rst microchannel, and 

b) inserting said second ?uid into said main microchannel 
of said ?uid circuit, Wherein said second ?uid is forced 
past said ?rst passive stopping means into a second 
microchannel, and said ?rst microchannel and said 
second microchannel converge at said second passive 
stopping means at Which point said ?rst ?uid and said 
second ?uid Will miX upon continued insertion of said 
second ?uid or application of a force causing said ?rst 
and second ?uids to move. 

7. The method of claim 6 Wherein said ?uid circuit 
comprises a vent. 

8. The method of claim 6 Wherein said ?rst stopping 
means and said second stopping means are capillary barriers. 

9. The method of claim 8 Wherein the capillary barriers 
are selected from the group consisting of a hydrophobic 
short channel narroWing, a hydrophilic short channel 
narroWing, a hydrophobic patch, and a surface tension patch. 

10. A method of distributing ?uid from one channel to 
multiple Wells, chambers or channels of a non-Wetted ?uid 
circuit Wherein said method comprises the steps of: 

passing said ?uid from said one channel to branching 
channels leading to a ?rst set of Wells, chambers or 
channels, Wherein said ?rst set of Wells, chambers or 
channels comprise a ?rst passive stopping means 
Within each Well, chamber or channel thereby causing 
all Wells, chambers or channels upstream of said ?rst 
passive stopping means to ?ll prior to said ?uid moving 
to a second set of Wells, chambers or channels com 
prising a second passive stopping means Within each 
Well, chamber or channel, Wherein the second passive 
stopping means create a pressure barrier stronger than 
the ?rst passive stopping means; and 

causing ?uid to push past the ?rst passive stopping means 
Within the ?rst set of Wells, chambers or channels and 
to stop at the second passive stopping means Within the 
second set of Wells, chambers or channels. 

11. The method of claim 10 Wherein there are multiple 
sets of Wells, chambers or channels Wherein a ?rst set of 
Wells, chambers or channels has ?rst passive stopping means 
Within each Well, chamber or channel thereby causing all 
Wells, chambers or channels of said ?rst set to ?ll prior to 
said ?uid moving to a second set of Wells, chambers or 
channels. 

12. The method of claim 11 Wherein said second set of 
Wells, chambers or channels comprises second passive stop 
ping means that are stronger than said ?rst passive stopping 
means of said ?rst set of Wells, chambers or channels. 

13. The method of claim 10 Wherein said ?uid circuit 
comprises a vent. 

14. A method for consolidating ?uids from multiple Wells 
into a common consolidation Well, chamber or channel 
Wherein said method comprises: 

a) inserting said ?uids into microchannels of a ?uid 
circuit; then 

b) forcing said ?uids through said microchannels and into 
Wells of said ?uid circuit by addition of a second ?uid 
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into said microchannels wherein said second ?uid is 
more viscous than said ?uids, and wherein said wells 
exit into channels which are narrower than said wells, 
and further wherein said exit channels connect to said 
common consolidation well, chamber or channel, 
wherein suf?cient second ?uid is added to force said 
?uids into said common consolidation well, chamber or 
channel. 

15. The method of claim 14 wherein said ?uid circuit 
comprises one or more vents. 

16. The method of claim 14 wherein each of said wells 
eXits into more than one channel. 

17. A method of temporarily bypassing a microchannel 
within a ?uid circuit by applying a ?rst ?uid to the ?uid 
circuit of claim 14 until said ?rst ?uid reaches a third passive 
stopping means wherein said third passive stopping means 
creates a pressure barrier that is stronger than said second 
passive stopping means whereupon application of additional 
?rst ?uid, a second ?uid or a force causes said ?rst ?uid or 
said second ?uid to enter said microchannel. 

18. A method of controlling ?uid ?ow through a non 
wetted ?uid circuit comprising at least two connected 
microchannels, each said microchannel containing a passive 
?ow barrier that creates a ?uid pressure barrier, said method 
comprising: 

stopping advancing ?uid in a ?rst microchannel with a 
?rst passive ?ow barrier, thereby directing ?uid into a 
connected neighboring second microchannel; and 

overcoming the pressure barrier of the ?rst passive ?ow 
barrier by the advancing ?uid engaging a second pas 
sive ?ow barrier in the second microchannel, wherein 
said second passive ?ow barrier creates a stronger 
pressure barrier than the ?rst passive ?ow barrier. 

19. The method of claim 18 wherein the ?rst passive ?ow 
barrier and the second passive ?ow barrier are capillary 
barriers. 

20. The method of claim 19 wherein the capillary barriers 
are selected from the group consisting of a hydrophobic 
short channel narrowing, a hydrophilic short channel 
narrowing, a hydrophobic patch, and a surface tension patch. 

21. The method of claim 18 wherein the second micro 
channel branches from the ?rst microchannel at a point 
immediately upstream of the ?rst passive ?ow barrier. 

22. The method of claim 21 wherein the second micro 
channel rejoins the ?rst microchannel at a point immediately 
downstream of the second passive ?ow barrier. 

23. The method of claim 18 wherein the ?uid circuit 
comprises one or more wells and chambers. 

24. The method of claim 23 wherein the wells comprise 
a ?rst section and a second section, wherein said ?rst section 
is smaller than said second section and wherein a micro 
channel eXits into the ?rst section of each said wells, further 
wherein said ?rst section eXits into said second section 
wherein said ?rst section and said second section join at a 
boundary wherein said boundary forms a narrowing between 
said ?rst section and said second section. 

25. The method of claim 18 wherein the ?uid circuit 
comprises one or more wells or chambers joined to a 
common consolidation well or chamber by one or more 

microchannels. 
26. The method of claim 18 wherein the ?uid circuit 

comprises one or more air vents. 
27. A method to overcome a capillary stopping means in 

a non-wetted microchannel comprising the steps: 
stopping advancing ?uid ?ow in a ?uid circuit with a 

capillary stopping means that creates a pressure barrier 
due to capillary forces dependent upon the presence of 
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a gas-?uid interface, wherein said capillary stopping 
means has an upstream side and a downstream side in 
the ?uid circuit, and wherein the gas-?uid interface is 
disposed between the upstream and downstream sides 
of the capillary stopping means; and 

overcoming the pressure barrier by introducing a ?uid to 
the downstream side of the capillary stopping means 
that wets the downstream side of the capillary stopping 
means to eliminate the gas-?uid interface at the capil 
lary stopping means. 

28. A non-wetted ?uid circuit comprising a plurality of 
connected microchannels, wherein passive stopping means 
eXist within one or more of said microchannels causing ?uid 
that is advancing through said ?uid circuit to ?ow in an 
adjoining microchannel connected upstream of said passive 
stopping means rather than to ?ow past said stopping means, 
wherein said ?uid circuit further comprises a channel with a 
chamber wherein said chamber comprises secondary chan 
nels. 

29. The ?uid circuit of claim 28 wherein said secondary 
channels comprise passive stopping means. 

30. The ?uid circuit of claim 29 wherein each of said 
passive stopping means can be of different strengths from 
each other thereby dictating an order in which each second 
ary channel will ?ll. 

31. The ?uid circuit of claim 28 wherein one or more 
secondary channels comprise a vent. 

32. A non-wetted ?uid circuit comprising a ?rst micro 
channel and a second microchannel wherein said second 
microchannel branches from said ?rst microchannel 
upstream of a ?rst passive stopping means within said ?rst 
microchannel and rejoins said ?rst microchannel down 
stream of a second passive stopping means within said ?rst 
microchannel, further wherein said second passive stopping 
means creates a greater pressure barrier than said ?rst 
passive stopping means, said ?uid circuit further comprising 
a vent between said ?rst passive stopping means and said 
second passive stopping means. 

33. The ?uid circuit of claim 32 wherein said ?rst 
microchannel comprises a chamber or well between said 
?rst stopping means and said second stopping means. 

34. A non-wetted ?uid circuit comprising a plurality of 
connected microchannels, wherein passive stopping means 
eXist within one or more of said microchannels, causing ?uid 
that is advancing through said ?uid circuit to ?ow in an 
adjoining microchannel connected upstream of said passive 
stopping means rather than to ?ow past said passive stop 
ping means, wherein at least one of said microchannels 
branches at a ?rst point into an adjoining microchannel 
which rejoins said one of said microchannels at a second 
point and wherein said adjoining microchannel comprises a 
second passive stopping means immediately upstream of 
said second point. 

35. A non-wetted ?uid circuit comprising a plurality of 
connected microchannels, wherein a short microchannel 
narrowing eXists within one or more of said microchannels, 
said microchannel narrowing having an inlet and an outlet, 
said narrowing having a cross-sectional con?guration rela 
tive to the inicrochannel that creates a passive pressure 
barrier causing ?uid which is advancing though said ?uid 
circuit preferably to ?ow in an adjoining microchannel 
connected upstream of said narrowing rather than to ?ow 
past said narrowing. 

36. The ?uid circuit of claim 1 wherein said narrowing 
can be overcome by wetting of both sides of said narrowing. 

37. The ?uid circuit of claim 1 wherein said short micro 
channel narrowing comprises a hydrophilic surface. 
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38. The ?uid circuit of claim 1 wherein said short micro 
channel narrowing comprises a hydrophobic surface. 

39. The ?uid circuit of claim 1 Wherein surface tension 
betWeen said ?uid and a surface of said narroWing is greater 
than surface tension betWeen a gas in said microchannels 
and said surface of said narroWing. 

40. The ?uid circuit of claim 1 Wherein said narroWing is 
in the range of 1—1000 pm in length. 

41. The ?uid circuit of claim 1 Wherein said narroWing is 
in the range of 5—500 pm in length. 

42. The ?uid circuit of claim 1 Wherein said narroWing is 
in the range of 10—300 pm in length. 

43. The ?uid circuit of claim 1 further comprising a 
plurality of short microchannel narroWings, Wherein said 
narroWings create pressure barriers having different 
strengths. 

44. The ?uid circuit of claim 1 Wherein said microchan 
nels form a treelike or a fractal branching. 

45. The ?uid circuit of claim 1 Wherein said circuit 
comprises one or more Wells or chambers. 

46. The ?uid circuit of claim 45 Wherein at least a portion 
of said Wells or chambers is ?exible. 

47. A method of physically displacing a ?uid Within the 
?uid circuit of claim 46 by applying a force to said ?exible 
portion of said Wells or chambers. 

48. The ?uid circuit of claim 45 Wherein said Wells 
comprise a ?rst section and a second section, Wherein said 
?rst section is smaller than said second section and Wherein 
said microchannels eXit into said ?rst section of each of said 
Wells, further Wherein said ?rst section eXits into said second 
section Wherein said ?rst section and said second section 
join at a boundary Wherein said boundary forms a narroWing 
betWeen said ?rst section and said second section. 
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49. The ?uid circuit of claim 1 Wherein said circuit 

comprises one or more Wells or chambers joined to a 

common consolidation Well or chamber by one or more 

microchannels. 
50. The ?uid circuit of claim 49 further comprising one or 

more air vents. 

51. The ?uid circuit of claim 1 further comprising an air 
vent. 

52. The ?uid circuit of claim 51 Wherein said air vent is 
a narroW channel or duct. 

53. The ?uid circuit of claim 51 Wherein said air vent 
comprises a hydrophobic short channel narroWing, a hydro 
phobic patch, or a surface tension patch, or a hydrophilic 
short channel narroWing. 

54. The ?uid circuit of claim 1 further comprising one or 
more ports alloWing a gas to enter into said ?uid circuit. 

55. The ?uid circuit of claim 54 Wherein said ports are 
large enough to alloW gas to pass through said ports but 
small enough to prevent ?uids from passing through said 
ports at a speci?c operating pressure. 

56. The ?uid circuit of claim 1 further comprising one or 
more ports alloWing a ?uid under pressure to enter into said 
?uid circuit. 

57. A method of moving a ?rst ?uid through the ?uid 
circuit of claim 56 by forcing a second ?uid under pressure 
through said one or more ports, said second ?uid thereby 
forcing said ?rst ?uid to move through said ?uid circuit. 

58. The ?uid circuit of 1 Wherein the narroWing is 
suf?ciently short to produce little or no pressure drop across 
the narroWing in established ?oW conditions. 

* * * * * 






